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Specification 

1. Title of the Invention 

Manufacturing method for a semiconductor device 

2. Scope of Claims 

(1) A manufacturing method for a semiconductor device having a crystalline 
semiconductor thin film formed on an insulating substrate made of glass or the like, 
characterized by comprising forming the crystalline semiconductor thin film at a 
temperature substantially equal to, or equal to or lower than a temperature at which a 
hydrogen-containing insulating film is formed on the semiconductor thin film and then 
performing heat treatment at a temperature higher than the temperature at which the 
hydrogen-containing insulating film is formed* 

(2) The manufacturing method for a semiconductor device according to Claim 1, 
characterized in that a silicon nitride film formed by a plasma CVD method is used as 
the hydrogen-containing insulating film. 

(3) The manufacturing method for a semiconductor device according to Claim 1, 
characterized in that the temperature for the heat treatment is 300°C to 600°G 

(4) The manufacturing method for a semiconductor device according to Claim 1, 
characterized in that a material for the crystalline semiconductor thin film comprises 
silicon. 
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(5) The manufacturing method for a semiconductor device according to Claim 1, 3, 
or 4, characterized in that the temperature for the heat treatment is a temperature at 
which an amorphous silicon is changed into a polycrystalline silicon. 
3. Detailed Description of the Invention 
[Field of the Industrial Application] 

The present invention relates to a manufacturing method for a thin film 
transistor formed on an insulating substrate. 
[Prior Art] 

Up to now, as shown in Fig. 3, a thin film transistor (hereinafter, referred to as 
TFT) on an insulating substrate is structured such that a semiconductor thin film 32 is 
formed on an insulating substrate 31 made of glass etc. to form an element therein. 

Also, in recent years, a crystalline semiconductor thin film has been often used 
as the semiconductor thin film for improving TFT characteristics. The term 
crystalline semiconductor specified herein means a single crystal semiconductor 
including more defects than in a generally used single crystal wafer or a 
polycrystalline semiconductor having one or more grain boundaries therein. 
[Problem to be solved by the Invention] 

In the above-mentioned prior art, however, a number of interface levels 33 
exist at an interface between the crystalline semiconductor thin film and the substrate. 
Under the influence of the interface levels, carriers are trapped to the levels at a 
channel portion to thereby form a so-called back channel, for example, in the case of 
manufacturing a MOSFET. As a result, element characteristics are deteriorated, for 
example, a threshold voltage variation develops or an on/off ratio drops. 

Further, when using an inexpensive material such as glass for the substrate, 

2 
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alkali ions such as Na + in the substrate material move through heat treatment in a 
manufacturing process and thus exist as movable ions at an interface with the substrate 
or in a silicon thin film, causing the deterioration in element characteristics or 
impairing a reliability. 

As a measure, which has been taken to solve the above-mentioned problems, 
the levels existent in the silicon thin film are reduced to enhance a mobility by 
conducting hydrogen passivation on a silicon nitride film using a plasma CVD method 
as a protective film of the element, for example, after forming the element. Also, in 
order to avoid contamination due to the alkali ions, high-purity quartz or no-alkali 
glass may be used for the substrate. 

With the above methods, however, the problem about the interface with the 
substrate has not yet been solved. In addition, the substrate made of the high-purity 
quartz, the no-alkali glass, or the like is expensive, which makes it difficult to 
manufacture the TFT on a large-area substrate at a low cost, 
[Means for solving the Problem] 

The gist of the present invention resides in a manufacturing method for a 
semiconductor device having a crystalline semiconductor thin film formed on an 
insulating substrate made of glass or the like, characterized by including forming the 
crystalline semiconductor thin film at a temperature substantially equal to, or equal to 
or lower than a temperature at which a hydrogen-containing insulating film is formed 
on the semiconductor thin film and then performing heat treatment at a temperature 
higher than the temperature at which the hydrogen-containing insulating film is 
formed, 
[Operation] 

3 
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The hydrogen-containing insulating film is subjected to heat treatment and 
hydrogen is thus diffused in the thin film to trap the interface levels existent at the 
interface between the crystalline semiconductor thin film and the substrate by the 
hydrogen, thereby reducing the number of interface levels. Thus, electric 
characteristics of a semiconductor device such as the TFT are improved. 

Further, the hydrogen diffused in the thin film is trapped to defect levels in the 
thin film or interface levels of a grain boundary therein- As a result, a barrier height 
is lowered, improving the electric characteristics of the semiconductor device such as 
the TFT. 

Further, as the hydrogen-containing insulating film, use of the silicon nitride 
film offers an effect of blocking the alkali ions such as Na + from the substrate. It is 
thus expected to enhance the reliability. 

Furthermore, by forming an insulating film serving as a barrier against the 
diffusion of the hydrogen or the entire semiconductor layer surface, it is possible to 
avoid out-diffusion of the hydrogen diffused in the thin film and to more stably obtain 
the above effect. 

Note that, a dose of hydrogen is preferably several % to several tens of %. 
(Embodiment Mode) 

Fig. 1 is a sectional view showing a semiconductor device featuring the 
present invention. 

According to a first embodiment mode of the present invention, a silicon 
nitride film 12 is first formed as a hydrogen-containing insulating film on an insulating 
substrate 11 made of glass etc., at a substrate temperature of 200°C to 300°C by a 
plasma CVD method, for instance. The silicon nitride film 12 contains hydrogen in 

4 
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an amount of several % to several tens of atm%. 

After that, a polycrystalline silicon thin film 13 is formed at a temperature 
substantially equal to, or equal to or lower than the temperature at which the silicon 
nitride film 12 is formed. For the polycrystalline silicon thin film, it is possible to 
use polyciystalline silicon formed by a low pressure CVD method or the plasma CVD 
method or polycrystalline silicon having a large grain size obtained by an effect of 
adding a halogenated hydrogen gas such as HC1 in a deposition atmosphere in the 
plasma CVD method as proposed by the inventors of the present invention. In terms 
of lowering a process temperature and improving the electric characteristics, the 
polycrystalline silicon thin film having the large grain size proposed by the inventors 
of the present invention is optimum for this embodiment mode. 

Next, in an atmosphere containing N 2 , Ar, H 2 , or a mixed gas thereof, the heat 
treatment is carried out at a temperature (300°C to 600°C) higher than the temperature 
at which the hydrogen-containing insulating film, e.g., the silicon nitride film is 
formed. 

During the above heat treatment, the hydrogen existent in the silicon nitride 
film diffuses into the polycrystalline silicon thin film. Thus, the hydrogen is trapped 
to the interface levels existent at a base interface, defect levels in the polycrystalline 
silicon thin film, or the interface levels existent at the grain boundary of the 
polycrystalline silicon, to thereby suppress the occurrence of a back channel at the 
base interface, control a variation of a threshold voltage, and minimize a potential of 
the grain boundary and increase the mobility. 

Further, the heat treatment is performed at a temperature higher than 300°C at 
which the hydrogen begins diffusing but lower than 600°C at which the hydrogen 

5 
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diffused into the polycrystalline silicon may diffuse back to the outside of the 
polycrystalline silicon. 

Also, forming the silicon nitride film between the substrate and the 
polycrystalline silicon thin film offers an effect of blocking the alkali ions such as Na + 
from the substrate, increasing the reliability. 

According to a second embodiment mode of the present invention, the silicon 
nitride film 12 is first formed as a hydrogen-containing insulating film on the 
insulating substrate 11 made of glass etc., at a substrate temperature of 200°C to 
300°C by a plasma CVD method, for instance. The silicon nitride film 12 contains 
hydrogen in an amount of several % to several tens of atm%. 

After that, an amorphous silicon thin film 23 is formed at a temperature 
substantially equal to, or equal to or lower than the temperature at which the silicon 
nitride film 12 is formed. For the amorphous silicon thin film, it is possible to use 
amorphous silicon formed by a low pressure CVD method or the plasma CVD method, 
or amorphous silicon formed by implanting Si* ions into polycrystalline silicon. 

Next, in an atmosphere containing N 2 , Ar, H 2 , or a mixed gas thereof, the heat 
treatment is carried out at a temperature (3G0°C to 600°C) higher than the temperature 
at which the hydrogen-containing insulating film 12, e.g., the silicon nitride film is 
formed. 

It is desirable to set the heat treatment temperature as a temperature at which 
the formed amorphous silicon starts a solid phase crystal growth and changes into 
polycrystalline silicon in terms of manufacturing the TFT showing a higher 
performance. Accordingly, the above heat treatment temperature is more desirably 
set to 500°C to 60O°C for manufacturing the TFT showing the higher performance. 

6 
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During the heat treatment, the hydrogen existent in the silicon nitride film 
diffuses into the polycrystalline silicon obtained by crystallizing the amorphous silicon 
through the heat treatment. Thus, the hydrogen is trapped to the interface levels 
existent at the base interface, defect levels in the amorphous silicon or the 
polycrystalline silicon thin film, or the interface levels existent at the grain boundary 
of the polycrystalline silicon, to thereby suppress the occurrence of the back channel at 
the base interface, control a variation of the threshold voltage, and minimize the 
potential of the grain boundary and increase the mobility. 

Further, the heat treatment is performed at a temperature higher than 300°C at 
which the hydrogen begins diffusing but lower than 600°C at which the hydrogen 
diffused into the polycrystalline silicon may diffuse back to the outside of the 
polycrystalline silicon. 

Also, forming the silicon nitride film between the substrate and the 
polycrystalline silicon thin film offers an effect of blocking the alkali ions such as Na + 
from the substrate, increasing the reliability. 
[Examples] 

Hereinafter, examples of the present invention will be described in detail with 
reference to the drawings. 

Fig, 2 is a sectional view showing a MOSFET formed according to the present 
invention. 
[Example 1] 

On a glass substrate 21, a silicon nitride film 22 was deposited with a 
thickness of 1000 A using an SilfyNHa mixed gas system by a plasma CVD method. 
Deposition conditions were as follows: a parallel plate type plasma CVD apparatus 

7 
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was used; a flow rate was set to 15 seem for S1H4 (diluted with 10% H*) and to 10 
seem for NH 3 ; a pressure was 0.16 Ton; a discharge power was 3.5 W; and the 
substrate temperature was 300°C. The deposition was carried out for 35 minutes. 
An IR (infrared spectroscopic) analysis revealed that the silicon nitride film deposited 
under the above conditions contained about 10 atm% of hydrogen. 

Next, a polycrystalline silicon thin film 23 was deposited with a thickness of 
1000 A on the silicon nitride film 22 using an SiH 2 Cl2/HCl/H 2 mixed gas system by an 
RF plasma CVD method. The deposition was carried out under the following 
conditions: the flow rate of 0.9 seem for SiH 2 Cl 2 , 130 sccm for HCI > 200 sccm for 
H 2 ; a pressure of 2.0 Torr; an RF power of 60 W; and a substrate temperature of 230°C. 
Under the above conditions, the polycrystalline silicon thin film having a grain size of 
about 1.0 jim was deposited on the silicon nitride film 22. 

Subsequently, an Si0 2 film 24 as a gate insulating film was deposited with a 
thickness of 500 A by a sputtering method, followed by forming a gate electrode 25. 

Then, P + ions were implanted by an ion implantation method to form 
source/drain regions 26. 

Subsequently, a silicon nitride film 27 as a protective film was deposited with 
a thickness of 5000 A by the plasma CVD method. 

Next, the heat treatment was conducted in an N 2 atmosphere at 550*0 

Then, contact holes were formed in desired regions to form Al electrodes 28. 

In this example, as apparent from comparison of measurements of the electric 
characteristics between a MOSFET formed on the glass substrate on which the 
polycrystalline silicon thin film was directly formed and the MOSFET formed 
according to this example, an electron mobility was increased 1.5-fold, and a variation 

8 
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range of the threshold voltage was minimized to 1/2 or less. 

Also, in this example, the heat treatment temperature was set as 550°C but 
almost the same effects could be achieved at 300°G 

Further, in this example, when the heat treatment was not performed at all, the 
effect was hardly exerted for both the electron mobility and the threshold voltage 
variation. 

This is supposedly because the heat treatment allowed the hydrogen to diffuse 
from the silicon nitride film 22 into the polycrystalline silicon thin film 23. Then, the 
hydrogen was trapped to the interface levels existent at the base interface and the grain 
boundary in the polycrystalline silicon thin film 23 to reduce the number of levels, 
thereby suppressing the occurrence of the back channel at the base interface and in 
addition, lowering a potential barrier of the grain boundary. This is apparent from the 
result of an ESR (electron spin resonance) measurement which revealed that a 
dangling bond density in the polycrystalline silicon thin film was decreased by one or 
more digits through the heat treatment. 

Also, in a reliability test, the electric characteristics were hardly changed even 
in a test under high-temperature and high-humidity environment. Thus, the sufficient 
reliability was achieved. This is supposedly because the silicon nitride film 22 
blocks the diffusion of the alkali ions from the glass substrate. 

Further, the heat treatment at 550°C allowed the hydrogen to diffuse into the 
polycrystalline silicon and simultaneously the source/drain regions to be activated, 
rather simplifying the steps. 
[Example 2] 

On the glass substrate 21, the silicon nitride film 22 was deposited with a 

9 
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thickness of 1000 A using an SiHj/NKk mixed gas system by a plasma CVD method- 
Deposition conditions were as follows; a parallel plate type plasma CVD apparatus 
was used; a flow rate was set to 15 seem for SiH* (diluted with 10% H 2 ) and to 10 
seem for NH 3 ; a pressure was 0.16 Torr; a discharge power was 3.5 W; and the 
substrate temperature was 300°G The deposition was carried out for 35 minutes. 
An IR (infrared spectroscopic) analysis revealed that the silicon nitride film deposited 
under the above conditions contained about 10 atm% of hydrogen. 

Next, the amorphous silicon thin film 23 was deposited with a thickness of 
1000 A on the silicon nitride film 22 using an Siltyl^ mixed gas system by the plasma 
CVD method. The deposition was carried out for 30 minutes under the following 
conditions: the flow rate of 2 seem for SiE* and 18 seem for H 2 ; a pressure of 0.12 
Ton; and a discharge power of 5 W, 

Subsequently, the Si0 2 film 24 as a gate insulating film was deposited with a 
thickness of 500 A by a sputtering method, followed by forming the gate electrode 25. 

Next, P + ions were implanted by an ion implantation method to form the 
source/drain regions 26. 

Subsequently, the silicon nitride film 27 as a protective film was deposited 
with a thickness of 5000 A by the plasma CVD method. 

Next, the heat treatment was conducted in an N 2 atmosphere at 600°C. 

Following this, contact holes were formed in desired regions to form Al 
electrodes 28. 

In this example, it is confirmed by an observation on a cross-sectional TEM 
(transmission electron microscope) photograph that the amorphous silicon thin film 23 
was changed to the polycrystalline silicon film through the solid phase crystal growth 

10 
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by performing the heat treatment at 600°C. 

In this example, as apparent from comparison of measurements of electric 
characteristics between a MOSFET formed on the glass substrate on which the 
polycrystalline silicon thin film was directly formed and the MOSFET formed 
according to this example, an electron mobility was increased 1.2-fold, and a variation 
range of the threshold voltage was minimized to 2/3 or less. 

This is supposedly because the heat treatment allowed the hydrogen to diffuse 
from the silicon nitride film 22 into the polycrystalline silicon thin film 23. Then, the 
hydrogen was trapped to the interface levels existent at the base interface and the grain 
boundary in the polycrystalline silicon thin film 23 to reduce the number of levels, 
thereby suppressing the occurrence of the back channel at the base interface and in 
addition, lowering a potential barrier of the grain boundary. This is apparent from the 
result of the ESR (electron spin resonance) measurement which revealed that a 
dangling bond density in the polycrystalline silicon thin film was decreased by one or 
more digits due to the heat treatment. 

Also, in a reliability test, the electric characteristics were hardly changed even 
in a test under high-temperature and high-humidity environment. Thus, the sufficient 
reliability was achieved. 

This is supposedly because the silicon nitride film 22 blocks the diffusion of 
the alkali ions from the glass substrate. 

Further, the heat treatment at 600°C allowed the hydrogen to diffuse into the 
polycrystalline silicon and simultaneously the source/drain regions to be activated, 
rather simplifying the steps. 
[Example 3] 

U 
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On the glass substrate 21, the silicon nitride film 22 was deposited with a 
thickness of 1000 A using an SiH4/NH 3 mixed gas system by a plasma CVD method. 
Deposition conditions were as follows: a parallel plate type plasma CVD apparatus 
was used; a flow rate was set to 15 seem for SiHi (diluted with 10% H 2 ) and to 10 
seem for NH 3 ; a pressure was 0.16 Torr; a discharge power was 3.5 W; and the 
substrate temperature was 300°C. The deposition was carried out for 35 minutes. 
An IR (infrared spectroscopic) analysis revealed that the silicon nitride film deposited 
under the above conditions contained about 10 atm% of hydrogen. 

Next, the polycrystalline silicon thin film 23 was deposited with a thickness of 
1000 A on the silicon nitride film 22 using an SiH 2 Cl2/HCl/H2 mixed gas system by an 
RF plasma CVD method. The deposition was carried out under the following 
conditions: the flow rate of 0.9 sccra for Sil^Cfe, 130 seem for HC1, and 200 seem for 
H 2 ; a pressure of 2.0 Torr; an RF power of 60 W; and a substrate temperature of 230°C. 
Under the above conditions, the polycrystalline silicon thin film having a grain size of 
about 1.0 fim was deposited on the silicon nitride film 22. 

Next, the SiCfe film 24 as a gate insulating film was deposited with a thickness 
of 500 A by a sputtering method, followed by forming the gate electrode 25. 

Then, P f ions were implanted by an ion implantation method to form the 
source/drain regions 26. 

Subsequently, the silicon nitride film 27 as an insulating film serving as a 
barrier against the diffusion of the hydrogen was deposited with a thickness of 5000 A 
by the plasma CVD method. 

Next, the heat treatment was conducted in an N 2 atmosphere at 550 a C. 

Then, contact holes were formed in desired regions to form Al electrodes 28. 
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In this example, regarding an effect of the silicon nitride film 27 serving as a 
barrier against the diffusion of the hydrogen, a density of hydrogen existent in the 
polycrystalline silicon film 23 drops from the order of 1E20 cm" to 1E19 cm - or 
lower in the case of omitting the silicon nitride film 27 as compared to the case of 
forming the film. This revealed that the film functions as the barrier against 
out-diffusion of the hydrogen. 

Also, as apparent from comparison of measurements of electric characteristics 
between a MOSFET formed on the glass substrate on which the polycrystalline silicon 
thin film was directly formed and the MOSFET formed according to this example, an 
electron mobility was increased 2-fold or more, and a variation range of the threshold 
voltage was minimized to 1/2 or less. 

Also, in a reliability test, the electric characteristics were hardly changed even 
in a test under high-temperature and high-humidity environment* Thus, the sufficient 
reliability was achieved. 

This is supposedly because the silicon nitride film 22 blocks the diffusion of 
the alkali ions from the glass substrate. 

Further, the heat treatment at 550 6 C allowed the hydrogen to diffuse into the 
polycrystalline silicon and simultaneously the source/drain regions to be activated, 
rather simplifying the steps. 
[Example 4] 

On the glass substrate 21, the silicon nitride film 22 was deposited with a 
thickness of 1000 A using an S1H4/NH3 mixed gas system by a plasma CVD method. 
Deposition conditions were as follows: a parallel plate type plasma CVD apparatus 
was used; a flow rate was set to 15 seem for SiE* (diluted with 10% H 2 ) and to 10 
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seem for NH 3 ; a pressure was 0*16 Torr; a discharge power was 3.5 W; and the 
substrate temperature was 300°C. The deposition was carried out for 35 minutes. 
An IR (infrared spectroscopic) analysis revealed that the silicon nitride film deposited 
under the above conditions contained about 10 % of hydrogen. 

Next, the amorphous silicon thin film 23 was deposited with a thickness of 
1000 A on the silicon nitride film 22 using an Siftj/Hfe mixed gas system by the plasma 
CVD method. The deposition was carried out for 30 minutes under the following 
conditions: the flow rate of 2 seem for SfflU and 18 seem for H 2 ; a pressure of 0.12 
Ton; and a discharge power of 5 W, 

Then, the Si0 2 film 24 as a gate insulating film was deposited with a thickness 
of 500 A by a sputtering method, followed by forming the gate electrode 25. 

Next, P + ions were implanted by an ion implantation method to form the 
source/drain regions 26. 

Subsequently, the silicon nitride film 27 as an insulating film serving as a 
barrier against the diffusion of the hydrogen was deposited with a thickness of 5000 A 
by the plasma CVD method. 

Next, the heat treatment was conducted in an N 2 atmosphere at 600°C. 

Following this, contact holes were formed in desired regions to form Al 
electrodes 28. 

In this example, it is confirmed by an observation on a cross-sectional TEM 
(transmission electron microscope) photograph that the amorphous silicon thin film 23 
was changed to the polycrystalline silicon film through the solid phase crystal growth 
by performing the heat treatment at 600°C 

In this example, regarding an effect of the silicon nitride film 27 serving as a 
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barrier against the diffusion of the hydrogen, a density of hydrogen existent in the 
polycrystalline silicon thin film 23 drops from the order of 1E20 cm" 3 to 1E19 cm* 3 or 
lower in the case of omitting the silicon nitride film 27 as compared to the case of 
forming the film. This revealed that the film functions as the barrier against 
out-diffusion of the hydrogen. 

Also, as apparent from comparison of measurements of electric characteristics 
between a MOSFET formed on the glass substrate on which the polycrystalline silicon 
thin film was directly formed and the MOSFET formed according to this example, an 
electron mobility was increased 1.5-fold, and a variation range of the threshold voltage 
was minimized to 1/2 or less. 

Also, in a reliability test, the electric characteristics were hardly changed even 
in a test under high-temperature and high-humidity environment. Thus, the sufficient 
reliability was achieved. 

This is supposedly because the silicon nitride film 22 blocks the diffusion of 
the alkali ions from the glass substrate. 

Further, the heat treatment at 550°C allowed the hydrogen to diffuse into the 
polycrystalline silicon and simultaneously the source/drain regions to be activated, 
rather simplifying the steps. 
[Example 5] 

On the glass substrate 21, the silicon nitride film 22 was deposited with a 
thickness of 1000 A using an SiHVNH 3 mixed gas system by a plasma CVD method. 
Deposition conditions were as follows; a parallel plate type plasma CVD apparatus 
was used; a flow rate was set to 15 seem for SiR* (diluted with 10% H 2 ) and to 10 
seem for NH 3 ; a pressure was 0.16 Torr; a discharge power was 3.5 W; and the 
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substrate temperature was 300°C. The deposition was carried out for 35 minutes. 
An IR (infrared spectroscopic) analysis revealed that the silicon nitride film deposited 
under the above conditions contained about 10 atm% of hydrogen. 

Next, the polycrystalline silicon thin film 23 was deposited with a thickness of 
1000 A on the silicon nitride film 22 using an SiHaClz/HCl/I^ mixed gas system by an 
RF plasma CVD method. The deposition was carried out under the following 
conditions: the flow rate of 0.9 seem for SilfeCfe, 130 seem for HC1, and 200 seem for 
H 2 ; a pressure of 2.0 Ton; an RF power of 60 W; and a substrate temperature of 230°C. 
Under the above conditions, the polycrystalline silicon thin film having a grain size of 
about 1.0 um was deposited on the silicon nitride film 22. 

Subsequently, the Si0 2 film 24 as the gate insulating film 24 was first 
deposited with a thickness of 200 A by a sputtering method before the silicon nitride 
film as an insulating film serving as the barrier against the diffusion of the hydrogen 
was deposited with a thickness of 300 A by the plasma CVD method, followed by 
forming the gate electrode 25. The Si0 2 film was deposited first for the purpose of 
preventing the electric characteristics of the MOSFET from being deteriorated, which 
deterioration would be caused, as well known, in such a way that if only the silicon 
nitride film constituted the gate insulating film, polarization developed in the film. 

Next, P + ions were implanted by an ion implantation method to form the 
source/drain regions 26. 

Then, the heat treatment was conducted in an N2 atmosphere at 550°C. 

Subsequently, the silicon nitride film as a protective film was deposited with a 
thickness of 5000 A by the plasma CVD method. 

Next, contact holes were formed in desired regions to form Al electrodes 28. 
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In this example, if the film thickness of the silicon nitride film was set to 300 
A as the insulating film serving as a barrier against the diffusion of the hydrogen, the 
hydrogen density in the polycrystalline silicon thin film was the same as in the silicon 
nitride film with a thickness of 5000 A. 

Also in the case of using as a protective film the Si0 2 film with a thickness of 
5000 A, the hydrogen density was not changed. From the above, even the silicon 
nitride film with a thickness of 300 A could sufficiently function as the barrier. 

Also, a two-layer structure including a silicon nitride film and a silicon oxide 
film was used for the gate insulating film. In this respect as well, the electric 
characteristics were hardly changed as compared with the case of using the Si0 2 film. 

Further, in this example, the silicon nitride film formed by the plasma CVD 
method was used for a barrier film, which also enables the activation of the 
source/drain regions. 
[Example 6] 

On the glass substrate 21, the silicon nitride film 22 was deposited with a 
thickness of 1000 A using an SiltyNHs mixed gas system by a plasma CVD method. 
Deposition conditions were as follows: a parallel plate type plasma CVD apparatus 
was used; a flow rate was set to 15 seem for Silk (diluted with 10% H 2 ) and to 10 
seem for NH 3 ; a pressure was 0.16 Torr; a discharge power was 3.5 W; and the 
substrate temperature was 300*C. The deposition was carried out for 35 minutes. 
An IR (infrared spectroscopic) analysis revealed that the silicon nitride film deposited 
under the above conditions contained about 10 atm% of hydrogen. 

Next, the polycrystalline silicon thin film 23 was deposited with a thickness of 
1000 A on the silicon nitride film 22 using an SiH 2 Cl2/HCl/H 2 mixed gas system by an 
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RF plasma CVD method. The deposition was carried out under the following 
conditions: the flow rate of 0.9 seem for SiH 2 Cl 2 , 130 seem for HCl, and 200 seem for 
H 2 ; a pressure of 2.0 Torr; an RF power of 60 W; and a substrate temperature of 230 Q C 
Under the above conditions, the polycrystalline silicon thin film having a grain size of 
about 1.0 jun was deposited on the silicon nitride film 22. 

Next, as the gate insulating film 24, a silicon oxynitride film was further 
deposited with a thickness of 500 A as an insulating film serving as a barrier against 
the diffusion of the hydrogen by the plasma CVD method, followed by forming the 
gate electrode 25. The silicon oxynitride film could have both properties of the 
silicon nitride film and the silicon oxide film, as well known, by appropriately 
selecting a composition ratio between nitrogen and oxygen in the film. Here, using 
an SiOH^/NH^O mixed gas system, the deposition condition was optimized; the 
film composition ratio of N to Si was set to 3.0 to 2, 

Next, P* ions were implanted by an ion implantation method to form the 
source/drain regions 26* 

Next, the heat treatment was conducted in an N 2 atmosphere at 550°C. 

Subsequently, the silicon nitride film as the protective film was deposited with 
a thickness of 5000 A by the plasma CVD method. 

Next, contact holes were formed in desired regions to form Al electrodes 28. 

In this example, if the thickness of the silicon oxynitride film was applied to 
an insulating film serving as a barrier against the diffusion of the hydrogen, the 
hydrogen density in the polycrystalline silicon thin film was the same as that for the 
case of using the silicon nitride film. 

Also, the silicon oxynitride film was used as the gate insulating film. 
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However, also in this respect, the electric characteristics were hardly changed as 
compared with the case of using the Si0 2 film. 

Further, the heat treatment at 550°C allowed the hydrogen to diffuse into the 
polycrystalline silicon and simultaneously the source/drain regions to be activated, 
rather simplifying the steps* 

Hereinabove, in this example, as the crystalline semiconductor thin film, 
description has been made of the polycrystalline silicon having the large grain size 
formed by the plasma CVD method as proposed by the applicants of the present 
invention and the polycrystalline silicon formed by crystallbring the amorphous silicon 
formed by the plasma CVD method together with their effects. However, needless to 
say, the same effects could be achieved as well with other crystalline semiconductor 
thin films, for example, polycrystalline silicon formed by a low pressure CVD method, 
silicon formed by implanting Si + ions into the polycrystalline silicon, which was 
changed to the amorphous silicon, and recrystallizing the amorphous silicon through 
annealing, polycrystalline silicon having a large grain size as proposed by the 
applicants of the present invention in Japanese Patent Application Nos. 62-73629 and 
62-73630, and single crystal silicon formed on an amorphous substrate as proposed by 
the applicants of the present invention in IP 63-107016 A. 
[Effects of the Invention] 

The hydrogen-containing insulating film is formed between the silicon thin 
film and the substrate and in addition, the heat treatment is performed to diffuse 
hydrogen into the thin film, whereby an effect of reducing the interface levels at the 
base interface of the silicon thin film is obtained. As a result, a back channel effect 
can be suppressed and the variation range of the threshold voltage can be narrowed. 
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Further, the heat treatment allows the hydrogen to diffuse, whereby the levels 
existent in the silicon thin film can be also reduced to increase a carrier mobility. 

Also, as the hydrogen-<»ntaining insulating film, the silicon nitride film is 
used, whereby it is possible to block intrusion of the alkali ions such as Na + from the 
substrate. 

Further, the effect can be further enhanced by forming on the silicon thin film 
the insulating film serving as a barrier against the hydrogen diffusion. 

Consequently, the TFT can be formed on the low-cost glass substrate, which 
excels in electric characteristics and reliability. 
4. Brief Description of the Drawings 

Fig. 1 is a sectional view illustrative of a feature of the present invention. 

Fig. 2 is a sectional view showing a MOSFET formed according to the present 
invention. 

Fig. 3 is a sectional view illustrative of a problem inherent in the prior art. 
11, 21, 31... substrate 

12, 22, 32... hydrogen-containing insulating film 
13, 23, 33... crystalline semiconductor thin film 



20 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



